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SURMARY 


4n experimental invesatiention of the relative effective- 
ness of several baffle tyres in vremoting velocity and temerature 
mixing of a cold air stream concentric vith = hot gas stream, has 
been conducted. Based on a ratio of centerline mixing attained to 
pressure drop resulting, only ene beffle type, that of stub wings 
vrojectine into the mixing chember, vroved more «ffective than ae no- 
baffle confimration. Irnoring rressure losses, however, screen- 
type baffles vcroduced better velocity mixing, but very poor 


temerature mixing. 


Bneed on velocity potential core lengths (the axial 
distance the hot centrnl ees maintains ites initial welocity) and 
comparing with known results for isothermal velocity mixing, the 
effect of compressibility, centrary to other invest? gtors, apnenrs 


to be an improvesent in velocity msixing. 


thet temerature diffuses more rapidly than velocity, 
when baffles do not obstruct the flow, e conclusion reached by 
several other exporimentors, is verifiond by the single baffleless 


configuration tested. 


The investiention wae conducted under the auspices of the 
Mechanical and Aeronenuticrnl Engineering Departments of the University 
of Binnesota in vartial fulfillment of the reculremente for the 


Rereree of Master of Sctence. 
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LIS? OF SYMBOLS 


‘femeter of primary jet nozzle, inches. 

Value of X/f for end of potential core. 

Stetie vressure, inches of water. 

Dynemic pressure, inches of water, = LP ye 

Redisl dieatance from jet axis, inches. 

Radius at which VY (or T) is halfway between ¥ (or 7) 
at axie and that of secondary stream. 

Tesmernature, °F., at any point in mixing region. 
Temerature, °F, on axis, at 2 given &%. 

Temperature, °F, of urimary stream at A= 0. 


Temperature, °F 


« upstream of primary crifice plate. 
Temperature, °F, upstream of secondary orifice plate. 
Timmeaverare velocity in axiel direction st any point. £he 
Velocity on axis at a given X, ?t./see. de 
Genterline velocity of primary etream at % 20, ft./sec. 
Velocity of undisturbed aecondary stream. ft./sec. 

Axial distance downstream from noetle exit, inches. 

Lateral distance from nozzle centerline, inches. 

Velocity retio = u,/a. 


Pressure drop across primery flow orifice, inches water. 


Freseure drop across secondary flow orifice, inches water. 





LRTRODUCTIOR 


Proper mixing of fluids under various conditions is 
important in that the design of such items as combustion chambers, 
mixing tanks, jet cums, and thrust auementers, depend to s zreat 
extent on obtaining or preventins mixine of fluids. In varticular, 
according to Godsey ant Young (Ref. 1): 

Althoush nonuniformity of temperature distribution 

may heave only small effect upon cycle efficiency, it is 
etsential thet good mixing be obtained in order to avoid 
undesireble stratification in the gae flow entering the 
turbine blading. FExcasesive stratifiexntion can reanit in 
local hot spote in which permissible temmerature linits 
may be exceeded by several hundred degrees. 

fecording to Hef. 2, the mixing of gas streams can be 
accomplished by several methocs as follows: 

(A) Mixing by moleculer diffusion across boundaries of the 
streams. (Laminar Flow). 

(B} Mixing by random turbulence. 

(C) Kixing by induced turdulence: 

(1) baffles or obstractions in joined streams. 

(2) Crose flow of streams. 

(2) Stirring jet. 

(4) Interleafing. 


(5S) Blbow in Joined streams. 


Of the above, (A) is far too slow to be of practical 


aienificanee in combustion charber work, en@ (5), whtle eventually 





effective and considerably faster than (4), would reauire an 
exeeseively long secondary zone. (0), while most rapid and 
effective, involves larger preseure logses than either of the 
other two. Some rhases of (C) are amenable to analytical solution: 
the preseure losses associated with the mixing of the two streams 
are functicne of the momenta of the streams, but the penetration 
snd mixing of a colé air stream into a hot stream introduces 
density and other property changes in the fluid which complicate 


the problen. 


Numerous investigators heve studied the problem of mixing 
from voth the theoretical ond experinantal viewsolnt; varioue 
combinstions of the warlablee involved in mixing, such aa initial 
temperetures, Initial velocities, with or without sscondary soving 
streams, turbulence levele, and "turbulence promoters” heve been 


utilized in teste. 


éecoréing to Ferrari (ef. 3), the important concent of 
wixines length, 1, is analogous to the soleculer mean free path in 
the kinetic vas theory. Mixing length 1 may bo defined as the path 
normnl to the Linea of Plow which the particles can trace out and 
still maintain their individuality, i.2., without aesunming the 
physical charactcristios of the medium in which they are immersed. 
Prandti and hie agseeclates aseume that throughout the path 1 each 
fluid particle mainteins ite momentum Taylor objects hewever, and 


seys thet the inetantanecus pressure differences may cause the 





velocity of displeced particles to vary. and therefore it is more 
logical to aggume thet if fie the vorticity, unon which the 
{astantanecus pressure dietributione have no effect, that is 


maistained ceastant. 


Shapiro and Forrestal (Ref. 4) and Cleeves and Boelter, 
(Hef. 5) present excellent tabuler enmmeries of the theoretical 
znd experimental work accomlished in the fluid mixing problem. 
Seuire (Ref. 6) hee outlined the various theoretical approaches to 
the mixing problem. Forrestal and Shariro besed their "Momentum 
end Mase Trensfer in Coaxial Gas Jete* (Ref. 4) on the work of 
quire and Trouncer (Sef. 7), and arrived et several isportent 


results anc semi-empirical equations to define the mixing gone. 


Stenley Gorrsin has prepared several papers on the study 
of jet flow, utilizing a primry flow in mation but s stationary 
receiving fluid, temperature and velocity rrofiles being obtained. 
(hefa. & %, ané 10). He concludes thet temersture diffuses sore 
repidly than velocity. (Aef. 8). That heat diffuees more repidly 
than velocity is vesified on a qualitative basis by the modified 
vorticlty-transfer theory, whereas the momentum tranefer spproach 


preduces identies! curves for velocity and temerature distridutions. 


A pesent investigation by Buege and Klug (Ref. 11), that 
included an emeriwental study of the temmerature mixing of vriaary 
flame gab and geconcary air, produced several interseting conclusions. 


huegs and Kluge found, in ceneral, a constant potential core length 





for temrerature, regardless of velocity ratio. They aleo indicate 
that the effect of comorassibility is to retard mixine. In 
addition, verification of the faster diffusion of tesperature in 


comperinon to velocity is found. 


The effect of various beffles placed in the etreams of 
movine meee in order to induce turbulence to promote mixing has 
eleo been investigated to some extent. (“ef. 12, 13, 14, 1%, 16, 17). 
The California Inetitute of TFechnolocy conducted several exmerinents 
tc determine the mixing resultinez from the use of variously shaned 
holes to introduce secondary air into the primary stream in a 
combustion chamber. It was found that slignt chenges in the ehepe 
of the holee reduced pressure drop scrose the holies sbout thirty 
percent without any enpreciable effect on the mixing (Ref. 17 and 18). 
Folsom and Ferguson (Ref. 14) found that a propeller was more 
effective than jets in promoting mixing of liquids ina lerge tank. 
a. L. lereon (Sef. 12) found that a spiral placed in refrizerant 
evaporator colls, when using Freon 17 as the fluid, croduced 
turbulence, to ines’ cawtlartved heat transfer, with a lower 
pressure drop than other types of beffles tested. The same result 
had previously been foun? by Seigel wnen a liauid was used as the 


fluid (ef. 13). 


Thue it may be seen from this brief introduction that 


the mixing and turbulence problem is not an untouched one: on the 


contrary, the ample literature on the subject, with many 





investigestors seemingly in disagreement with results of otner 
inveatientors, indicates that exoorimental means mat generally 
be utilized to predict adequete mixing, vith as short a mixing 


chamber length as possible, and with miniaum pressure drop. 


This istter statement, then, broadly defines the 
vroblem atudied in thie experiment. In particuler, the relative 
effectiveness of verions beffle arrangements in promoting mixing 
of a hot gas with cold sir, under ateady flow conditions, is 
investigested by means of temperature and velocity surveys of the 


mixing region. 
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Pienre 1 is e schematic dlagram of the soparatus used in 
this investigation. fhoetcaraphs of the equipment components are 


Pigures 2q to 2f, inclusive. 


The syperatus concieted of a dual air supply systen 
capable of supplying air to primiry end secondary lines. Mesanre- 
ment of the two moss rates of air flow was accomplished through 
standard A.S.N.y. square-edved orifices with radius pressure taps, 


in aceordance with Hef. 19. 


The primry flow, aupplied by the building air compressor 
system, pasged through a two inch standard vipe to a rectanguler 
a by am" stainless steel “heater box* which wis supplied with 
acetylene gas for combustion in the excess prim ry air in order 
to heat the primary air. The heated excess air and products of 
combustion left the heeter box through a emell section of two inch 
pipe which was then reduced tc a one inch inside diameter pine 
‘through e standard 90 degree reducing elbew. The one inch line then 
passed through a amall circuler “adepter® tank, one end of which 
was connected to the round secondery air flew line and the other 
end to the square pre-test section. The primery line then ejected 


into the center of the test section es a free jet. 
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The ageondary air, supplied by an engine driven compressor 
in the test cell, exited from the compressor through « manifold to 
n 6" diemeter sive which was bolted to the cireuler adapter tank. 
The alr then exited from the adapter tank to the square pre-test 
section wheres an 18 mash wire screen was placed acrogs the flow 
(and around the srimry line) in order to aesure as uniform a 
turbulence distribution (isotropic) as posible. The secondary 
air then flowed into the squere test section, surrounding and 


concentric with the primary air. 


It should be noted that altheurh two am211 turnbuckles 
to support and adjuet the primiry pipe were located about one inch 
downetream of the wire screen, there were no obstructions to the 
flow of vrimery or secondery air for a éistence of about 12 laches 
prior te the test section zero point, located at the end of the 
primary line. 4 six degree taper on the outside wall of the primary 
line at its free end, wie used to prevent excessive separstion, 
with resultant eddies in the flow, as the secondary air pas¢ed by 


the end of the primary pipe. 


The teat section iteelf consisted of a six inch square 
cross-section, 7 ft. 4 inen lone duct, sconstrected on three sides 
of 16 rengze sheet metal, and on the fourth side of twelve inch 
long, 18 gauge sheet metal eliding panels, which rode in grooves 
tc give a tight fit. This aelidine panel srrancement was neceseary 


in créer to lonzitudinelly position the four inch lone sheet netal 
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measuring plete, which contained a total head tube, static vressure 
tap, and an iron-constantan thermocouple, in the test section as 
desired. The usadle length of the teat section (from the point 
where the primary line ended to the duct exit) was 75 inches. ‘The 
end of the duct was open, but 2 large sheet metal "funnel" 
effectively collected the warm gases and passed them to an 


exneust manifold te be handled by the test cell exheust systen. 





the primary air was supplied by permanent compressor 
installetione located in the Mechanical “ngineering Suilding. The 
basement unit etored air in a 3 t.° tank at a pressure of 100 rsi., 
and the smaller dynamometer room unit supplemented the basement 
supply when the pressura dropped below 80 psi. Control of the 
primary alr was accomplished by uee of a gate vaive located 
upstream of the heater box and primary measuring orifice. An 
extension on the valve handle permitted control to be exercised. 


et the test section itself. 


The secondary air was obtained from « permanent 
installation located in the turbine test cell of the fechanical 
‘netneerineg Department. A gneoline powered Lycoming Model 0-425-7 
air cooled Army tank engine, rated at 162 HP. at S800 rapebies 
drives a centrifuge] comressor. The comressor is a 7.48:1 gear 


ratio supercherger taken from an Allison Y-1710 Aircraft engine. 





blower sneed cen de accurately controlied by throttling the 


engine. (See Fig. 2a). 


An iron-conetantan thermocouple and » standard 4.5.%.%. 
squere-~edged orifice is mounted upstream af the blower inlet to 


cermlt mass rate air flow calculations. 


RUATING URI? 


The furnishing of an adequate and dependable supply of 
heat for the primary air turned out to be « croblem. At first it 
wae desired to une electrical energy to heat the sir ao that 
products of combustion would not be one of the mixing cages and 
beeauees thie source of heat is easier and clenner to handle. 
Fence, two different 220 volt electrical heating units were 
constructed, one using nichrome wire *"Glo-Colles" across the flow 
and the other neing individual nichrome wire eoils in hollow 
porcelain tubdee parallel vith the flow, both unite conelisting of 
ten circuits connected in parallel. Both unite burned out after 
about ten minutes operation at the raquiredé crimary anes flow 


am 
« 


rates, he nichrome wire itself barned or broke in both cases. 
Sufficient data was not cdStained using the electrical heaters and 


aik data reported herein was obtained using a combustion tyre heater. 


It waa decided that, in view of the limited experimental 
accuracy possible with the equloment available, there vould be no 


sienifieant errors introduced into the investigation by using hot 





gases of combustion with excess sir es primary flow, instead of 
just pure heated eir. Nence s combustion tyne heater box was 
desiened end constructed. See Pig. 2b. A fourteen inch long 
atainless steel box ef a in. by od in. rectangular cross 

section was flanged and coupled into the primary line downstrean 
of the primary meseuring erifics. A 3/& inch steel pipe was 
ineerted acrese the heater box, one end belne connected to an 
acetylene euprly line and the protruding end being ecapred. “ive 
0.0520 inch diemeter holee, one inch apart, were drilled in the 
downstream side of the fuel pipe to admit the eas. Isnition of 
the acetylene=-sir aixture waa accomplished by a 14-Voltage Nernees 
eater (P.¥.i. 2687) operated sperkplug, the sperk gap being 
locatec 3 inches downatream and level with the center fuel hole. 
Sesides the nigh and low preesure valves snd pressure gages on the 
neetylene tank iteelf, located outside the test cell, thers were 
two other valves on the acetylene lina. Une, 4 ssleanid operated 
valve, was loceted at the tank engine ecntrol ranel, and the other, 
s hand operated velve in the copper acetylene line, wes located 


at the test section for emergency use only. 


Combustion in the heater box appeared exeelient, and 
the temperature used in the experiment was by no aseans the maxims 
poreible. A temerature of 509 to SSO degrees Fahrenheit for the 
prigary air at the begsinnine of the mixing region was chosen a6 ns 


cempromise between the need for lower teameratures for ense in 





t 
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>] 
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handling test equipment, and the need for a temperature hot enough 
to give food measurable temperature differences between primary and 
geconcery aire at the beginning of the mixing region. Acetylene 


mass flow wes estimated to be about 1/400 of primery air flow. 





The total pressure in the test section was measured by a 
G.028 inch 0.0. tetal head tube of the Ziel type, which had ea 
Yenturi shield surrounding the tube tin to insure flow norml te 
the 0.017 1.3. tube opening. The pitot tube shaft was a } inch 
0.0. brase tube which was mounted in an 18 gage four inch wide 
sheet metal sliding panel through a leakproof packing gland. ‘The 


panel alee contained a 1/8 inch static pressure orifice. 


fo simultaneously meneure the tesnerature and the total 
pressure at any chosen point, it was necessary to use & and 5. 
2 gage iron-constantan thermocouple wire. 4 emall hole was drilled 
in the pitot shaft about one inch from the Kiel tube end, and 
another hole wae drilled in s small pisce of copper tubing soldered 
onto the outer end of the shaft. A very emall thermocouple bead 
was made on the inner end of the thermocouple wires (using a mercury 
pool electrical resistence method) and the beed wae dipped in 
molten silver to peasibly reduce rediation losses. The ends of 
the thermocouple wire were then led intc the upper drilled heie, 


through the pitot shaft, and back out the lower hole. After 


oe et 
‘ ee ee 
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positioning the bead directly behind but about 4 inch downstream 

of the rear of the Venturi shield, the two lead in holes on the 

sheft were carefully cemented vith Sauereleen electric resistcr paste 
cement number 78 to prevent any air leakege. The thermocouvle leeds 
were ran to es rotary ivtietalats ewitch at the test cell ecnutrol 


panel. 


Hubber and copper tubing carried the total pressure from 
the Kiel tube shaft to one side of a water-filled well-tyne manometer 
located at the control panel. The static sreesure tap was led to 
ze Valve at the eontrol panel which, in one position, placed static 
presenre in tre teat secticn on the other side of the manometer 
mentioned above, eo that the dynamic pressure "c* was availebles 
the static preeeure valve in the escond position put atatic pressure 
on one side of an inclined water-filled menometer, the cther side 
being open to the atmosphere. Thus, total static, or dynamic 
preseuree were avatlable for any position of the measuring probe. 
She static pressure wes agsumed eonetent across the test section 
et amy point, in aceordance with accepted thecry end practice. 
S@adines obtained with the test Kiel tube were checked against 
resdiage odtained by a lereer, unobstructed tube, and sereement 


was satisfectery. 


The veimry niv was materod by an ASN.0. standard 
square edged orifice vlate located between a 90° elbow following 


the gate valve and the heater box. The Alaneter oF the crifice 
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was mchined to 1.018 inches, giving a ratio of orifice dismeter 
to pipe diameter of 0.568 inches. One-fourth inch radius tape for 
measuring the preesure drop A > scroes the orifice were in 
aceordance with 4.5.4.E. standards. An dron-constantan thermocouple 
was inserted 47 inches apstredm ef the crifice. Copper tubing 

was used to connect the preseure taps across a water filled well 
type manometer, and the upstream tsm was aleo connected to a 
mercury filled well-type manometer to provide upstream static 
preseure mensurements. These two minometers were located in tie 
best cell, near the test section, #0 that the primary air could be 
kept at ea desired flow rate by the operator at the test section. 
See Fig. @e. The thermocouple lende were led out to the rotary 


switch at the control panel. 


Secondary air was sles metered by an 4.5.M.%. estendard 
sausre edeed orifice plate with radius tans and an iron-constentean 
thermocouple. This orifice dismetor mennures 5.806 inches, snd, 
located in an eight inch dinmeter duct, the diameter ratio is 0.7. 
This orifice plate is a permanent inetalleation for the blower and 
was already in place. ‘he pressure drep scroses the orifice was 
Seasared on & wSlletype water fllled manometer loented at the 
control panel. The thermocouple leads vere aleo isd to the 


rotary @witch at the penel. 


One other fron-constanten thermocouple was sade and 


uged te measure the primary sir temmernsture at a point about 
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45 inches upstream of the beginning of the mixing region. ‘This 
temperature readine was neceasary in order to monitor the 
operation of the heater unit. It was thie thermocouple, in fact, 
that first gave indications of the appronching fellure of the two 
discarded electrical heater unite. The lends from this therso- 


couple were also taken te the rotary ewitch at the control panel. 


A Leads and Northrup Potentiometer Indicator was 
connected to the rotery switch et the panel, and tesmeratures, 
in degrees Fahrenheit, were rend directly on the indicator according 
to the chosen gwitch position. The lew senle, with divisione for 
each two degrees cf temperature, was ased for all rendings below 


600° F. See Fig. 24. 


*% total of three beffling systems were made and placed 


at various positions in the mixing region. ‘ee Fig. Se 


the airfoil daffle system consisted of four hand-made 
stub wings, chorg af one inch, sean of ok inches, Clark-f section, 
no twist or taper, rectangular tips, and made of stainlese steel 
#ith a in. thick flange at one end for mounting. ‘he wings were 
mounted at an angle of attack of 10° in » equare steel bracket 
C4 in. wide ana $ in, thick) thet juet fit the verineter of the 


teat section. The chord lines were parallel with the flow, and 
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the free tine of the wines were lone enousn te just meet the 
extended boundery of the one inch prim ry pipe. See Fig. Of. 

Vhe chosen angle of attack was a compromise between the necessity 
for large anele fer high LAft nd hence large tiv vortices to 
promote mixine, end the need for low sanrle of attack for sanall 
drag, and consesnently leas pressure drop across the baffle. 

Sereys were usec to secure the bracket in the test section at three 
different vositions. The upetream edges of the 1/8 inch thick 
bracket were elichtly rounded go that es little disturbance as 


possible would be exused by the bracket itself. 


the sereen baffling system consisted of two layers of 
16 mesh coprer wire screening, mounted on either eide of the square 
bracket used for the airfoil eretem. Thue, in effect, screening was 
pleced across the mixing region at two points, 14 inches apart, for 


each of the three positions of the baffle systen. 


The third baffle systes was 2 combingtion of the two 
described above, the screens being placed around the bracket after 


the wings were mounted in the bracket. 


A gmall slot was made on one side of the bracket and in a 
email section of the screen to permit the measuring probe to panes 


to either side of the baffle systern. 


The longitudinal nositions of the dDefflee as renorted 


herein (one, four and seven inches from the beeinning of the 





mixing region) refer to the position of the center line of the 


baffle bracket. 





In order ts define the centerline of orisary flow through- 
out the test section, a smmll Giemeter steel wire war secured 
atout 25 inchee unstreenm of the primary pipe exit, end extended 
throughout the test section to its open end. One nost cf © six 
volt battery wes connected to the upstream end of the wire (inside 
the primiry pipe) and the other post was connected, when needed, 
to the totel head tube shaft. The wire was eo centered thit when 
the Venturi shleld of the tube tonched the wire, the cireuit would 
be closed and light » six volt llamo, indicating wn centered lateral 
postition of the total head tube. Calfbrationse every 0.2 inch on gs. 
positioning pinte then cormitted lateral placement of the mensuring 


tube with ite attached thermocouple. 


Limited adjustment of the test section itself about the 
center line of prise ry flow was made poselble by the several test 
section duct supports. Limited vertices] movement of the total head 
tube shaft for sdjustment to the conter line, as indicated by the 
six volt lam, was acesmlished by stotting the opening in the 
meneuring nanel and ellewing a samller outer plate, which held the 
packise gland and ite pitot tube, to move up or down. “the static 


pressure tan remained fixed in the four inch sliding panel. 
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Sound powered telephone hendsets ensbled the operator 
at the test section to communicate with the control panel 


operator. 
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GeRAL 


After the equinment red been made and assembled, joints 
and fittings were tested for leake. The menometers were checked, 


and the fluid levels held steady under a constant pressure. 


In order to examine for leaks in the vrimry pipine with 
ite heater box, a rubber cork was ineerted in the end of the primary 
line and the gate valve orened; there waa negligible pressure drop 
seroes the primry measuring orifice even st upstream pressure 
yaluee higher then that to be used during the teeta. Hence it was 
conciuded that the flow rates chdemdabee from the seasurings orifice 


would net have to be corrected for losses. 


The vrimry orifice plate, veine newly constructed for 
this experinent, was checked for reliability by comparing velocities 
at the srimcry pipe exit: the velocities, nas Calenlated from center- 
line dynamic pressure readings at the primry exit, were ciecked 
ageinet the velocities thet should exist if the wes flows, as found 
from the primary orifice readings, were correct. The azreement wae 
within 0.3 nercent at the higher velocities and mass flow rates used 
in the sctual investigation, and within 2.7 percent at lower velocities 
and maes flow rates. It should be noted that this orifice 


calibration wae made with unheated primary air. 





MiXLEG REGION TESTS 


The initial teat using the apparatus was primarily 2 check 
on serviceadility and nccuracy of instrumentetion, the configuration 
being that of isothermal mixing without baffles. A limited number 
of velocity surveys of the mixing revion showed the results to be 
in excellent agreement with that found by other investigators 
(Ref. 4 and 20) so it was concluded that the desiened apparatus 


would te satisfactory for the cresent experiments. 


The next tvo runs (heated vrimary but no baffles, and 
heated primary with wing baffles at one inch, data for which is not 
included in this report) consisted of teasmerature and velocity 
surveys across the mixing region at eight different points along 
the test anection. The temserature and velocity profiles normi to 
the flow were adequate for comperisen of results, but it was felt 
that more information regerdisg behavior of centerline flow values 
would be required to aatisfactorily depict the relative effective- 
ness of the baffles to be used. Henee, ae time did not permit the 
desiretle expediency cf increasing the number of complete flow 
travernes, it was decided to mike only four traverses normal to 
the flow (one at the beginning of the sixing region, one that 
would be near the presumed potential core, «nd two doynstrearz of 
the core), and to increase to twenty the nuwther of centerline 


investigetion points. 


Althoueh it would have mide for more uniformity to conduct 


ali experimental runes ine eingle dey, the number of test 
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configuraticns made it impossible. Thus the finel date, ar 
reported herein, was obtained during three separate ranning periods: 
the no baffles, and the three wing baffle (at three different 
locetione in the test section) confieurations were firet tested; 
next the thres runs using the screen-plus-wineg befflea, ond 

lastly, the three screen baffle runs were mde. “tatic pressure 
values for the wine baffle and no-baffle confisurationse were 
rechecked the day following the actual runs decause 2 mre accurate 
inclined manometer for reading static pressures was substituted. 
Agreement with the previous static pressure values was within the 


acenracy of the instruments uscd. 


Before starting the test runs, the engine was warmed up, 
then the acetylene end spark were turned on with the primsry air at 
the mass flow rate to be used for the test. After combustion was 
initiated and the spark turned off, the acetylene low preseure valve 
was adjusted until the reference thermocouple in the prim ry line, 
35 inches up¢etream of the primary exit, reached « steady value 
that experience showed would produce a temernture of about 525 to 
550 degrees F. at the end of the primry pine. This ucetrean 
reference tamperature wes continuously read and recorded during 
the tests. <A pressure reading of 5S to 6 psi. at the low nrezsure 
acetylene valve wns found necessary to maintain temperature. 
come attests were mde to meter the acetylene throuch a flowe 


rator, but the flew wes much too smell to be read with availatle 
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equipment. Ly weighing the acetylene tank before and after = run 
it wes found thet, roughly, tre meas flowy rate of acetylene wes 
only .OGO1LLS lbs./sec. as compared to the average mass flow rate 


of primry air of 0.046 ib./sec. 


In order to facilitate adjustment of the primary end 
secondary air flows, a series of curves (for various upstrerm 
orifice temperatures) of miss rate of air flow versus the product 
of pressure drop (in inches of water) across the -articular 
orifice, tises the upstream static pressure at the orifice (in 
inches ef mercury) were plotted. Included on the same plots were 
another series of curves (for various tesperatures of the prisary 
or secondary flows at the beginning of the test region) of sass 
flow rate versus velocity st the berinnine of the teat section. 

‘4 gammple of these curves, for standard atmospheric preesure, are 


included in the Appendix as Tige. 19 and 2. 


Sig. 21, also in the Aprendix, is an exaemle of the 
curves used to convert dynamic pressure ¢, in inches of water, to 


flow velocity for various temperctures. 


Halntainineg the desired flow rates was not difficult 
beceuse of the relatively lew values used. Althouch it would heave 
been much more deairable to run ell the tests st hicher flow rates 
then thoee need, in order to have higher dynemic preseures in the 
test reeion for better sceuracy in seasuremente (six to seven inches 


of water wae the hirhest dynamic pressure recorded), it was not 





possible because of the limitation on the primry air supnly. 
Higher mss flow rates would have resulted in inadequate primary 
flow long before a particular run could be comleted, with the 
resulting neceasity of burner shutdown and enbseqhent difficult 
readjuetment to the exact flow and heat values prevailing during 
the completed nart of the run. Asa result, the accuracy of the 
static ocreesure values, and of the smaller dynamic pressure values, 


is questionable. 


All test runs were made with flow rates, temperatures, 
end initiel velocities as nearly the same as possible, but some 
variations were unavoidable. However, in view of the dimensionless 
character of the finel results obtained, end considering that the 
variations in flow parameters were not excessive, it is feit that 


quelitative comparison of the results is juetified. 





DISCUSSION CF RESULTS 
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Locations in the mixing region are defined by the 
dimensionless coordinates of X/D for positive distance downstream 
from the primry pipe exit, and ¥/P for distances norm:l to the 
flow direction, from the zero value ct the center of the primary 
pipe. Thus, the station at the boundary of the primary pive at 


the beginning of the mixing region is 4/2 = 0, end Y/D = 0.5, 


The dynamic pressure readings, with the simultaneous 
temperature values at the various points in the mixing region, were 
converted tc velocity values in ft./sec. Values for primary 
undiaturdsd flow velocities for the various runs were chosen a8 
the values obtained at X/D 2 O and ¥/D = 0. These velocities were 
higher by 4.7 percent with heat, but no beffles, and by as much as 
9 percent with scroenplus-wing baffles, than the primary velocities 
aa computed from orifice sensurements. The discrepancier were me, 
of course, to the profile of dynemic pressures end temperatures 
existing in the stream at XD =~ ©. The profiles of temmerature and 
velocity for the noebaffle confisuration are nresented as Fig. 3%. 
thet the discrepancies between the predicted and actunl centerline 
velocities were not larger than they were, is crobably due to the 
fact that the primary flow pine contained two right engle elbows 


in the line between the heater box end primary exit, which produced 





soma turdulence, with resultent smoothine cut of temperatures ond 
velocities. The temperature eradiant across the wall of the crimery 
pive, where the secondary «ir wes surrounding it, nrobably accounte 
for mich of the velocity and temerature variations that did exist 
at X/2 20. Also, it is probable that the baffles in the flow 
introduced velocity variations upstream toward the beginning of 


the mixing region. 


It is felt that choosing the lesser primary velocity (as 
predicted from flow rates) rather than the centerline value would 
not heave reeulted in ae fair 2 comparison of the various baffled 
configurations. Only centerline values of velecity and temerature, 
obtained at the six-VYolt center wire nosition, werm mearured, 
excerpt at the four UP statiore sf ©, &, 17, snd 20. At these 
atations complete traverses were made across the flew, readings 


being taken every 0.2 inch, plus a reeding at T/0 = 0.5. 





The nowbeffle configuration was tested primrily to 
provide e reference for the baffled runs. Henee, the various curves 
obtained are redrawn on the various baffled confimurcntion rraphe. 
The data, as recorded and commuted, is presented as a sample data 


sheet, Table YI (4mpendix). 


The results of the nojwbaffle ran, however, are intereating 


hit 


in the ligent of conclusions drawn by other inveatiestors. to 
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compare shapes of velocity and temperature profiles normal to flow 
direction, Forrestal and Shepire (Ref. 4), studying isothermel 
velocity and mesa mixing, fully normalized the velocity profiles 
by makine plots of the dimensionless ratios of aa, aeninat v/ vas 
and found that these curves remined eesentially uncheneed at any 
%/D station beyond the potential core. They farther found that the 
curves Closely resemble = cesine curve defined by 1 = (id cos, ¥ 
Even vith heated primary air, it can be seen from ig. 4a that the 
cosins curve is a good comparison with the normalized velocity 
profiles plotted for X/f = 12 and 20. The divergence of the 
experimental points from the theoretiaal at the greater velues of 
r/r,, mny be due to the lisited accuracy of measurements of the low 
dynamic pressures with resultant difficuity in choosing the correct 


r valne. 


similar normilized temerature vrofilee were also made at 
4/D 2 12 and 20, as shown in Fig. 4b. Agreement with the cosine 
curve is good, only slight divergence reeuiting at the greater 
r/r, values. uege and Klug (ef. 11) found that their temperature 
profiles showed sreater divergence from the ecsine curve, the 
further downstream the rrofile wis mde, and approached a 
dietribation predicted by Tollmein. The curves shown herein also 


show a greater divergence for the profile at */9 = 20 than at 12. 


It is interesting to note that the values of r,, obtained 


for the velocity and temperature profilea st 17 and &, also verify 
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the *accerted*® cenclusions from other investigators that temperature 
diffuses more repidly than velocity. Thus, rp, (velocity) is 0.5 
and 7 (temperature) is 0.6 at X/D «# 12, and, at X/P 220, the 


values sre 0.7 and 6.91 for velocity and temperature, respectively. 


4Axisl mixing, in accordance with accented literature, is 

compared by uaing the dimenalonless quenti ties qiays or aoa with 
> Ss p 8 

the view that a jet in @ general stream would mix and eventually 
approach the properties of the stream. Thus, a value of zero for 
thie parameter would indicate 100 vercent ulixine. Fforrestel and 
chapire, for the case of isothermal velocity mixing, found this 
ratio to have a value of unity un to the end of the potential core, 
indieating no change in centerline velocity, and then e decrease 
in the value of the ratio in inversa proportion ts axial diatance 


downstream of the potential core; i.é., 


= ne 7? 4 
ta, = py for 3/ 
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They further concluded that the X/D value for the leneth L 
of the rotential core can be sporoximtely expressed as 4 = 4 died, 
where A is the ratic of secondary to primry velocity. Yor a 
velocity ratio of 0.407, based on centerline value of primary 
velocity for the noj-beffle configuraticn, the equation woald give 
Ls 8.9. The experimental value, sa determined Prom Fir. 5, 


extrapolating the ourve ss « straight line beck to the zero 


ts value, gives an Z/P at the end of the potential core of 
~s 





about 7.2, a difference of 19 vercent. Althourh neither theory 

nor experimental evidence dictates that the relation between | 
and A should hold with non-isothermal jets, it was decided to 

check if the difference between the two valuee for 4 could have been 
due to the high centerline primry velocity used in the computation. 
Recalculationa of the values 7 » based oa the sverage primery 
velocity es determined from the known primery mase flow, were made, 
the velocity ratio then being 0.45. ‘The formule then gives a 

velue of 2.4 for lL. The experiaental value was found to be 7.6, 
althonzh the curvature of the slot (not included herein) was somewhat 
decreased in the potential core region. The difference between the 
two L values is again 19 percent. Hence, it my be inferred that, 
based on the single non-taffled run inavestimmted, and compsring 
with isothermal jet studies, the effect of the heated primary air 

is to improve the velocity mixins in an axial direction. this is 
mot in accordance with the conclusions of 2uegs nnd Klug (Nef. 11) 


who state that the offect of compressibility is to retard mixing. 


The plot of the temerature paraneter, q2=rl » versus %/D, 
as shown in Fig. 6, does not show a well defined potential core 
of teaperature, but rather a gentle curvature between %/¥ = 4 and 10. 
However, straightline extrapolation back to the zero valine of oof ‘ 
indicates an X/D of 7.0 fer the end of the votential core. Bayona 


the cora, the equation of the wiriation bocores 
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Thue, the temperature function decreases with X/D increase 
at a rate faster than that predicted by FYorestall and Shapiro for 
the isothermil velocity function, where the exponent of the 
correspondins velocity ratio wes unity. It should be noted also 
that the value of 7, indicated herein for the temperature 
potential core, is greater than the value of 5.5 which was found by 
Ruege and Klug to exist as a constant value for three of their test 


runs at various velocity ratios. 


STATIC PRESSURES, GENERAL 


Static gage pressures, in inches of water, as initially 
plotted for all test configurations, produced e wave shaped pattern 
of about 0.25 in. E50 maximam variation from 2 mean value. 
Subsequent investigation proved the pattern to be the result of 
Small variations in test section lengthasa particular run progressed. 
The variation in the section length was coused by the necessity of 
periodicaliy removing the 12 inch sliding panel at the extreme 
downstream position and plincing it at the beginning of the test 
section, es the four inch plate, with its probe and static pressure 


tap, wos moved downstream. 


In order to remove the wave effect, it was necessary to 
find the effect on etatic pressures due to changing duct length. 
Hence, s static pressure survey of the mixing region wes made with 


only the secondary air flowing, at 2 mass rete corresponding to that 
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used during the test runs. Hessurements of static pressure et a 
single X/D station, as the duct length was varied, gave the required 
corrections. It was found that the corrections required varied with 
the range of duct length chenres; verying duct length from 72 to 

60 inches, reduced the static preseure C.276 inches of water, or 

an average of 0.024 in. HoO per inch chenge of duct length. Varying 
the length from 62 to 50 inches gave a correction of 0.6085 in. 

Ho0 per inch ehange in duct length, and ch-nging the length from 

SQ to 38 inches, produced a change of 0.007 in. En per inch 


change of duct length. 


Ae the range of duct length chonges reonired during the 
tests was in the 72 inch to 60 inch range, 2 value of 0.026 in. 
£o0 per inch chenge in duct length, from a basic length of 7° inches, 
was uged te correct the test values of static pressure. This value, 
slightly ereater than the 0.0263 value determined experimentally, was 
found by trial and error to be the best average to remove the wave 
effect from the actusi test runs. the increased value used ie 
reasonable in that the corrections recuilred were proven emerinentally 


to be larger for erenter overall lengths of duct length chanres. 


Figs. 7, 8, end 9 sre plots of the corrected static 
pressuree, in inches of water, versus %/“ positions, for the baffles 
located at 1, 4, and 7 inches respectively. The preseures for the 
nowbaffie configuration is rerroduced on each graph for cosmsrison 


PUTPOS 4. 





Theat a decrease in stetic pressure at some point in the 
duct should cecur, with a decrease in dnet length, is reasonsble. 
With earlier expansion at the duct exit, for the shorter duct 
leneths, there is a slight velocity increase. The corrections 
that would be reouired to the dynamic pressure values, due to 
chenging duct length, are etall however, as can be shown by 
equating mags flows for two different duct lengths. ‘Ses Sample 
Calenlations. Hence, dynamic pressures and velocities were not 


correctec for the cheangine duct leneth effect. 


An estimeted friction drop, due to the duct walls themselves, 
wes obteined from the experimental run with secondary air only, so 
that any pressure losset would be due tc friction and not from 
mixing. The average dron wat estimated to be .005 to .010 inches 
of water per inch duct length, at test values of secondary mass 
flow. Applying this drop to the overall pressure drop for the no- 
baffle configuration, sives «a vreasure Grov, die to mixins acticn 
only, of about 0.1 to 0.2 inch HG. That this is a reasonable 
value can be verified by the conservation of momentum equation, 
using average Values of primary, secondary, and mized dynenic 
pressures from the no-baffle confieuration test run. The vressure 
drop, 80 calculated in the Samle Calenlation section, is found 


to be 0.21 inches of water. 


It was originally intended to correct the static pressures 


for the friction effects ¢o thet the pressure drops would represent 





losses due to mixing =ction (end daffles) only. Eowever, in view 
of the limited accurecy of the friction drop, and the resulting 
gecrecse in the pressure dros for the no~baffled corfilguration, 

it was decided to ‘record end use pressures in terms of losses due 

to mixing and friction. The dovudtful accuracy of the static 
preseures becsuee of the smll anrcnitudes, would not justify using 
the extremely smell pressure differences, due to mixing action only, 
for the no-baffle configuration, in any comutations. As explained 
later in this report, the pressure differences between two %/D 


etations were used as « divisor in mixine effectiveness calcalstions. 





The effects of placing baffles in the mixing region were 
reflected in the statie rressure vrolues, sand in the leteral end 
axial velocity end temernture distributions. All the rans wers 
made with epproxiantely the sage secondary and prisiry maes Plows, 
{adout 1.57 and 0.046 lb. of air ner second, reapectively), and the 
resultant dynamic sreesures at %/D 2 0 were comparable. The 
variations thet did exiat can be attributed to the higher static 
pressures at the zere position when the baffles were in the dact: 
a riee in static preasure upstream of «a beffle would have to be 
accomoanied Dy | corresponding decrease in the average dynenic 
sresesure, providing equal mass flows produce equivalent total 


pressure levels. 





Ig is not believed that flow raversal occurred at any 
point in the test section where readings ware taken, because the 
dynamic pressure values never appronched zero. A thin metal rod, 
with wool tufts attached, wea probed into the mixine region at 
werious nointe, before and aft of the baffles, to sllow the tufts 
to alien themselves with the streamlines. Flow disturbances, while 
obviously existent from the dDehavior of the fluctuating tufts, were 
not producing any noticeable flow reversals. foetation of the pitot 
tube, to a position act aligned vith thse duct axie showed a 
greater dynamic rressure, in several inetencee, when the wing- 
bafflea were being tested. Thie increase wee prebatly due to tin 
vortices caueed by the wings. <All dynamic nressuree recorded hovever, 
were for the pitet axis perallel with the duct aris, i.¢., pointing 


into the eupposed flow direction. 


BAFSUND CONFICURATIONS.OUATERAL VELOOITY DISTAIBUTIOs 


Comparison of velocity distributions normal to the flow 
are not perticularly informtive because the velocity lavele at a 
perticuler X/D atation differed widely with the beffle configurations; 
for examle, the sereen-plus-wing beffle, located at X/) = 4, shows 
a centerline velocity of only 94 ft./sac. at i/ = 12, while the 
scereen-baffie hes 120 ft./sec., the ving-baffie 142 ft./sec., and 
the no-baffle confiseuration, 160 ft./sec., at the same X/ = 12 


poeition. (See Fiz. 10a) Thic is because the velocity mixing effect 


oe a St ot a ee 





- £5 


prior to station X/f = 12 hae been very pronounced, varticulerly 
for the gereen configurations (with their large pressure dron). 
Thas, it is not possible to say vhich baffle errangement would give 
the best lateral velocity mixins, given the same initial velocities 


et the same ¥/l) station. 


If normalizing the profiles, as previously deecribed, 
provides a fair basis for comparison, then, from Fig. lle, the 
wing beffle at 4/2 = 4 configuration can be considered to give the 
beet mixing, because the eteeper the curve, the faster is the 
eppreach to a mixed condition. Lue te the velocity fluctuations 
in the sereen-plue-wine baffle confieuration, if wae not fearible 


to normalize thet profile. 


in an effort to better compsere the transverse mixing, 

Fig. 12 is presented. A normalized velocity rrofile for one each 
of the three baffles tested are shown. The values of the center- 
line velocities and secondary velocities were approximtely 170 and 
90 ft./sec. respectively, for each of the tests at the Z/D stations 
noted. The profiles are at an X/D of 12 for the screen-baffle at 
four inches, at 1° for the wingebaffles at one inch, and at eight 
for the acreen-plus-ving baffles «t four inches. the wine 
configuration appears to give a more uniform and initislly faster 
approach to the mixed condition, while the two other baffle types 


apyroach the fully mixed condition at a smaller value of r/rpp, 
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thas, velocity gradients for the screen rnd gscreen-plus-wing baffles 


world be greater. 


For information, the following table gives the mximun 
velocity at the indicated %/D stationa, expressed as a multiplier 
of the minimum velocity at the same X/D, for the various runs: 


u/D - 8 x/p = 12 





Wings and 
Sereens 1.28 1.83 1.21 1.14 1.123 
Sereens 1.56 | 1.32 1 : a4 





BAPPLED CORFIQUBATICHSIALATHAAL THMPREATORE DISTRIBUTI VS 


Comparison of temperature profiles are also difficult 
because of the temerature levels ata partienlar X/0. Fig. 10, (0), 
shows the actual profiles at 4/2 = 12, with the three baffles 
located at X/D = 4. Comparison with the no-baffle curve, also 
shown, indicates that, of the baffled rans, only the wins-daffle 
produced « aniform mixing tendancy. The screen configuration, dus 
to poorer axial temersture mixing uostream of 3/2 = 12, shows a 
centerline temersature almost 140° 7. hivher than the no-baffle 
configuration, while the screen-plus-wing baffle run produced 2 


temperature, at Y/D 2 0.4, higher then ite centerline value. ‘his 
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seme result wee noticed in the two other screen-plue-wing baffle 
rane, tut the reagon for the vsriaticn is not clear. If it were 

dne to the tin vortices from the wings, one wonld expect to find a 
gimller temperature increase away from the axis when the winge were 
tested alone. However, this effect was found to a minor degree in 
only one ran using the wine-baffles slone. Thies was at X/D stations 
of G and 12, with the baffles located at X/0 27. If the higher 
temperature had been found at « lesser value of Y/D, the 2iscrenaney 
sould have been ettridated to mealepositioning of the probe, but it 
is not very likely thet an error of 6.3 to 0.4 of an inch in Y/D 
positioning of the crobe could heve Deen coneiatently made for the 


three screen-plus-wing rane. 


Kormalized temperature profiles for the wing~baffles and 
screen-baffles at 4 inches, are shown in Fiz. 1llb. Good azgreesent 
with the cosine curve is notad at the smaller r/r, values. At the 
larger values, the curve for the wing-bafflen soproaches the alized 
condition faster than the coaine curve, while the screen conficuration 


shows a slower approach to the zero temperature difference ratio. 


It appenra that the effect of the screens is to equalize 
the pressures seross the test section, while having little effect 
on the temperatures. Thus, the velocities, boing proportionnl to 
the squere root of the dynemic pressures and to the first power of 


absolute temperntures, are quickly equalized. 
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BAFFLED CORPIGUAATIONS.AAAIAL VELOCITY DISTRISUTION 


Pies. 5, 13, and 14 are log-log plote of the velocity 


parameter 52-34 versus X/D position, for the various runs, with 
thse vaffles located at x/P 2 1, 4, and 7 respectively. The no- 
baffle curve is shown on each graph for comparison. In all cases, 
the baffles improve velocity mixing as comared to the no-baffle 
run. The location of the end of the votential core was grently 
infiuenced by the position cf tne baffles, especially when the 
sereen or acreen=plus-wings were used. It is noted that the curves 
begin to diverge from the near unity value of fis about one 
ineh upstream of the baffle location for either sereen-type baffle, 
ang atout one inch downstream of the baffle locaticn for tne wing- 
baffle configuration. In other words, the wings ere not as effective 
in promoting velocity mixing if the large pressure losses inherent 
with the screen arrangements are not considered. The sereen-plus- 
wine baffle runs anproach the mixed ecndition more quickly than 
any of the other runs. ‘the curves are such more regular for the 
wingebafflee, and beyond the potential core the rate of decrease 
of “oo » with increage in X/5, ie very nearly the esme ae for 

$ 


the no-baffle configuration. The wins-bsffles seem to shorten the 


potential core and then permit normal mixing to occur. 


Correlation of the pressure drops with the veresnt 
nixing attained, will be discassed after the axinl temerature 


distribution is considered. 





BAFFLED RUN eARTAL Teer SAATURE DLISTAURUTLON 


mM te 
Pies. 6, 15, and 16 are low-loe plots of a yersus 
%/D for the three baffle tyres loeated ot X/D 21, 4, and 7 
respectively. Arnin the curve for the no-beffle run is included 


for comparison. 


Here, the only baffle at all effective in bringing the 
‘reams to a common temperature i# the wins confisuration at ali 
three locations used. ith the baffles at X/2 = 7, the mixing 
action is only slightly better than the no-baffle arrangement, and 
located at 5/D = l and 4, the effect of the wingebaffles appears 


nearly equal, but considerably better than the no-baffle run. 


An interesting trend is noticed when the screen-plus-wing 
baffle curves ere compared with the sereen alone curves. in ell 
three baffle locations, the screen-plus-wing arrangenent shows an 
initial attempt te cive sood temperature mixine, vrobably due to 
the action of tne wings. Eowever, at sbout six inches after the 
baffie position in each case, the beneficial action of tne wings 
appears to die out, and the decrense of the is parameter is 
preetically stopped until the curves meet the ecfeen-baffle curve 
at about an 7/5 of SO. Thie my be regarded ae further evidence of 
the beneficial action of the wings in promoting temerature nixinr, 


end of the poor sction of the screens in aven allowing norml 


temperature mixing te proceed. 
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No reasonable expianztion hee been found for the separent 
effect of the screens, in actually retarding axial temerature 


mixing, when compeered te the no-baffle configuration. 





In order to cualitatively correlate the mixing attained 
eat o particular X/D atetion, at the excense of pressure drop resulting 
for the various configurations, 2 "mixing effectiveness" scrameter 
has been devised. Thie parameter my be defined as the ratio of the 
percent axial mixing attained, at a particaler X/D station, to the 
static preseure drop et that */D vosition. The mixing attained is 
based on centerline approsch of the primsry stream velocity or 
temperature to the eecondary stream velocity or temperature; i.e., 


| ™ _ tele | ~ *e-t ™ 
percent sixing attained (: A 100 or {1 =] L100 


The pressure drops at a varticular X/ station are taken 
as the aifference between the corrected static pressure at */D = 6 
and the corrected static pressure at the particuler ¥/9. Division 
by the primary sir dynamic pressure value at X/D 20, Y/D = 0, 
makes the pressure drops dimensionless and comparable. Figs. 7, 
8, and & are plots of the static vreasures corrected for changing 
duct length, ae previously described, vereus X/2 position, for the 


veffles located at 1. 4, und 7 X/P stations respectively. 


Table I ia a tabulation of the percent centerline mixing 


aa read from the faired curves of Figs. 5, 1%, ani 14 for velocity, 


_ “i+ aa 
(As 0 0 Oe et Shee et be oe lw . 





and from Fige. 6 15, and 16 for tempernture. The pressure drops 
reesrded are the values read from the curves of Figs. 7, 8 and 9. 
The velues of the “mixing effectivenesa"” parameter, an then computed 
ené tebulsated in the table, are shown in Fir. 17 for velocity and 


Fie. 18 for temeeratures, for various X/P stations. 


Due to the lirge pressure drons resultine from use of the 
ecreen configurations, these baffles produced vary low values of 
the mixing parameter for both velocity snd temerature mixing. 
vnelr yalues are not individually vlotted, but are shown as a range 


of values on the graphs. 


The no-baffie configuration neturally shows «2 relatively 
high valne of mixing effectiveness, due to the low vwnines of pressure 


drop. 


The wing-beffles, located at X/fP = 4, is the only baffle 
eonfieuration that makes s better showing then the no-baffle run. 
The wing-baffle at X/D = 1 produced too high a static pressure at 
the szaro position with resulting grester drop, and the wings st 
x/D = 7 position, while having pressure drops commarable to the 
wines at K/D = 4 position, wae too slow in giving a gocd value for 


centerline mixing. 


It ie noted that, es far as velocity mixing is concerned, 
the wing-baffles, at X/P = 4, gives hieher velues of "mixing 
effectiveness” than any other eonfieuration, Including the no- 


baffle run, between the 3/PD positions of 8 and 15. As short duct 


cy Gen 
ee eet) 
er 6 8 ie oe 


ST 





length with acequate mixing is cesirabie in practical mixing 
applications, it may be inferred that the wine-baffler can »rove 
advantageous in redreise mixing chamber length without rrodacing 


excessive pressure loeses. 


Inspection of Fig. 18, the mixing effectiveness curve 
for temperature mixing, shove thet none of the batfled rune are 
eg effective ne the no-beffle arrangement except between X/D values 
of 8 end 9. In thie narrow rane, the wing-beffle, leeated at 
x/D = 4, has the higher mixing effectiveness value because of the 
shorter potential core of temperature. Feyond station 9, the 
pressure dron associated with the baffle, eallews the no-baffle ron 


to display the highest mixing effectivenesa velues. 


Inspection of the static oreesure carves for the wing- 
baffle configurations showe that the large pressure drop ixnmediately 
dommetream of the baffle is partially recovered within two inches 
aft of the baffle location, and that the pressure rise ahead of the 
baffle ie at ite lowest value about one inch ahead of the beffle. 
Thus, if the wingebaffies were located at an 3/5 of about 2, the 
potential core would be shortened from the velue at the X/D = 4 
baffle lncation, to a value near to that attainsd with the baffles 
at xX/b = 1. The mixing attained at the lower value of %/D would 
be correspondingly increased, and the difference between initial 
static pressure and oressure at */D stations of 2 or 4 and beyond, 


would not be excessive. Hence, ving-dafflea located at an #/D of 





about 2 would probably shew conciderably better mixing effectiveness 
values at the smaller, more important 3/1 stations, than the no- 


baffle configuration. 


Obviously, the individual vulues of mixine effectiveness 
ag resorted herein, ere of no cuantitative value. The fact that 
the meenitudes of stetic pressures as seneured were so small, and 
of gusetionatle acenracy, pleces considerable doubt an even the 
relative weanitudes cf corrected preseure differences. VCivision by 
the difference of tro already omall mumdere, of required in the 
mixing effectiveness celeulntions, 1s not conducive to accurate and 
really comparable resulte. A mach hisher total rressure level for 
running the tests would be required to preduce true, rerroducible 
values for pressure losses. Such higher pressure levels were not 
attainable with the available ecuipment, as exmlnined in the 


Procedure section. 


In practical applications, a more realistic ‘mizing 
effectiveness" parameter should give more weirht to miving ettained 
st small £/D walnes, and less weisht to the preeeure dross 
resulting, denending on the losses thet can be telerated in order 
to attain short mixing chanbere. It is believed thet the winr tyve 
baffle confieuration, however, has keen proven to be worthy of 


further study and investigation. 
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CORCLUSIGES AKD HTCOMKSeharicnes 


Temperature and velocity surveys of the mixing region 
formed by m cold air stream, surrounding and concentric with a hot 
gas stream, under steady flow conditions, have been conducted. 
three different baffle arrangements, each tested independently at 
three positions in the mixing region, are compared with a none 
vaffled configuration as to temoersture and velocity mixing effeetive~ 
ness. The averaze velocity ratio of secondary etream (cold) to 
primary stream (hot), durine the tests was shout 0.4, at a Keynolds 
number of 57,006, beeed on the primary flow orifice diameter of 


one iach, 


In terms of the approach of centerline velocity values 
to the velocity of the surrounding secondary streas, the screen 
baffles and the wing-plus-screen dbDaffles, produced the test velocity 
mixing, if the resultant static pressure losses are ignored. In 


terms of a "mtixine effectiveness” parameter, 2({1- ane 
Uywds 


P/S 


which is defined as the ratio of the centerline mixing attained to 

a dimensionlees pressure drop required, the stub wine baffles, located 
four inches from the beginning of tne mixing region, is the only 
baffle arrangement to give a higher vaiue of mixing effectiveness 

than the no-baffle configuration. These higher values occur at 

the smaller 4/D values, the dimensionless distance from the beginning 


of the mixing razion. 
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using stub wing “turbulence promoters" be mde. FZelocation of the 


baffles te sn X/f of 2, variation ef angle of attack of the wines 


from the ten degrees used, 3nd variation in the span of the wings 


might well praodace better mixing with a smaller rresenre drop then 


was found in this investigation. 
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Fig, 2a Engine, blower, and manifold 


(The test set-up shown is not part of this experiment) 





Bie, 2=b Heating Unit 








Bic, 2=c Test section and instrumentation 





Fig, 2ed Control panel for engine oneration 








Fig, 2=e Component parts of the baffles 





, Qef Wing baffles located in test section 
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cAMP LY CALCULATIONS 


Mags Hate of Air Plow 
The equation used to determine masa rate of air flow, for the 
primary and sseondary orifices, was: 
¥W 2 0.668 Ap ner ff ap (See Ref, 19). 
where 
¥ = Mass flow in lb. ner aac. 
to 3 Throat area in square inch. 
x ® Flow Coefficient, based on tyne of vressure tans, 
Reynold's Sumber, pipe diameter, and orifice diameter. 


mS &rea multiplier for thermal emancion of the orifice 


plate. 


at 


Y = Empirical excansion factor. 
fi = Upstream density of flowing air. 
P 


Pressure drop seress the orifice pinte in pal. 


For the urimary orifice, measuring pressure > in in. Hg, oP in 
ine Ho, and { in degrees Sankine, the mss flow equation 


becomes’ 


f xy 
w= 0734 ) oe 


Similarly for the secondary orifice, the seustion is: 
vie 2.52 7 OP2 


Velocity Determination 
Dynamic preseure, a, = af ¥*; expres¢inge o in inches Bod, pressure 
> in inches Hz., temperature 7 in °%, the velocity in ft. per 


eec., becomea!: H = 15.87 3 
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3. Uynamic pressure error due to choneing duct length: 

Given, from emerimental determination: 

For duct length of 72 inches, 
ebsolute static pressure, st X/2 210, *% 407.6 in. HO. 
dynamic pressure q, at X/D = 10, : 1.7 in. Hod. 

For éuct length of 62 inches, 
absolute static pressure, at X/P = 10, : 407.3, in. Ho. 
Find dynamic pressure, q, at X/D = 10. 

Bouating mase rates of sir flow, end expressing velocity in 
terms of q, and density in terms of pn, &%, and T, there is 
obtained: Gg2Pgo = YoFvoe remembering that f, T, and 
A, cross-sectional duct area, remain unchanged as duct 
length is changed. 

Substituting experimental velues for dyoe Pyne and Deo the 


dynamic pressure, ago, is: 7 2.6 “$1.7 in. Ho 
407.3 


That is, negligible error is introduced into dynamic 


pressures and velocities by changing duct lengths. 


4. Theoretical pressure drop due to mixing: 
From conservation of momentum? ov t pre sp + 2q 
Or, in terme of experimental areas in in.”, and letting 
subscripts l and © refer to states before and after 
mixins, subscript p for primnry, and «= for secondary: 


(pj - 2q,,)02 a 2785) - (py r 2935) (2785) = Po Gor 
34.7 34.7 
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Rearranging and simplifyine: 

Substitutine average experimental values for the ne~ 
baffle configuration, 9. - 1.8, Qig = 1-6- ond a3, = 5.90, 
(all in inches of water), and solving for the pressure 


drop dne to mixing. 


Py - Po = 06.21 in. BO. 


5. Seynold's Sumber Calculation: 
Bes ke eh where f ia deneity of primary air, upatream of 
orifice, ¥Y is velocity of privary eir through primry 


orifice area, lL ia diameter of primary crifice, and # is 


viscosity - io ARs -88§ 


Solving for #., the value is 57,060. 
‘his value checks nccurstely the vnilue found using the 


chert in Sef. 19. 
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